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The  risk  of  spread  of  fire  due  to  the  passage  of  plastics  pipes  througfi  fire-resisting  elements  was 
investigated  using  a  gas-fired  furnace  similar  to,  but  much  smaller  than,  that  used  for  fire- 
resistance  tests  specified  in  BS  476:Part  8: 1972.  The  investigation  concentrated  on  plastics  pipes 
of  sizes  and  materials  which  at  the  time  were  being  used  in  the  United  Kingdom  for  above  ground 
drainage  installations.  1  he  work  was  divided  into  two  parts,  the  first  dealing  with  the  perfor¬ 
mance  of  pipe/wall  combinations  under  fire  conditions  and  the  second  with  pipe  systems  con¬ 
tained  within  proteO've  walls  or  encasements. 

The  results  showed  that  the  integrity  of  the  element  was  usually  lost  quickly  where  plastics  pipes 
penetrated  simple  wall  constmctio.ns  especially  when  thermoplastic  materials  of  low  melting 
point  were  used:  chlorinated  PVC  gave  the  most  satisfactory  results. 

The  second  part  of  the  investigation  was  to  ascertain  the  performance  in  fire  of  a  domestic 
installation  and  to  access  the  risk  of  spread  from  one  compartment  to  another  through  a  system 
contained  cither  within  a  protected  shaft  or  enclosure.  Floor  stops  within  the  protected  shaft 
were  shown  to  be  necessary  together  with  some  control  of  protected  shaft  or  enclosure  construc¬ 
tion. 
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FIRE  SPREAD  AND  PLASTICS  PIPES 
by  M  Curtis 


INTRODUCTION 

The  use  of  plastics  for  pipework  installations  is  con¬ 
tinually  increasing  in  tlie  United  Kingdom  and  a  variety 
of  materials  have  now  been  used  for  many  years  in 
industry  and  elsewhere  for  applications  such  as  the  trans¬ 
port  of  special  fluids.  Plastics  are  nov;  widely  used  in 
domestic,  office  and  similar  buildings,  particularly  in 
piping  installations  for  water  supply  and  distribution 
and  above  ground  drainage.  This  investigation  concen¬ 
trated  on  the  materials  used  for  above  ground  drainage 
systems  because  the  variety  of  materials  and  sizes  is 
larger  tlian  for  water  systems  and  the  fire  hazard 
associated  with  their  use  is  likely  to  be  greater.  The 
investigation  was  of  an  exploratory  and  ad  hoc  nature 
and  only  pipe  materials  and  sizes  which  were  at  the  time 
being  used  in  the  United  Kingdom  were  considered, 
concentrating  on  arrangements  suitable  for  houses  and 
flats.  Limited  deductions  applicable  to  larger  installa¬ 
tions  can  however  be  made. 

The  investigation  considered  the  risk  of  spread  of  fire 
and  smoke  associated  with  the  passage  of  plastics  pipe 
tlirough  fire  resisting  elements  such  as  compartment 
walls  and  floors  and  separating  walls.  Wliilst,  in  addition, 
the  pipes  constitute  part  of  the  fire  load  in  a  building 
and  may  emit  toxic  combustion  products  these  risks 
were  not  specifically  investigated  although  relevant 
infomiation  was  obtained  where  possible. 

A  ihemioplastic  pipe  is  liable  to  soften  and  fall  away 
during  the  course  of  a  fire  and  the  size  of  hole  thus 
exposed  will  affect  significantly  the  rate  at  which  hot 
gases  and  smoke  can  penetrate  into  adjacent  areas.  The 
Building  Regulations*  limit  the  maximum  internal  dia- 
meter*  to  38  nun  for  most  cor>ibustible  pipes  penetra¬ 
ting  fire  resisting  structures  but  extend  lids  in  the  case 
of  unplasticised  PVC  to  100  or  150  mm  in  certain 
areas. 

Where  combustible  pipes  exceed  these  maximum 
dimensions  they  must  be  contained  within  a  protected 
shafit  where  they  penetrate  compartment  walls,  floors 
or  separating  walls  (Figure  la).  An  exception  is  made 
in  the  case  of  PVC  pipes  penetrating  separating  walls  in 


♦The  Building  Regulations  refer  to  maxim  urn  interna!  diameters. 
Sizes  reJerred  to  in  this  paper  arc  nomjnal  diameters;  actual 
dimensions  aroi^i’ci.  m  .\ppcdi\  i.l  and  the  extract  from  the 
final  draft  of  C?  30'^*  has  been  added  fo*"  comparison. 


t  A  prolk.ctcd  shaft  for  the  purposes  of  this  report,  is  defined  as 
vertical  shaif  passing  through  compartment  fioors  and  bounded 
by  ^'paxating  vvaUs,  compartment  walls  or  protecting  siructuies 
having  tiie  fire  resistance  required  of  dements  of  structure 
(Figure  la). 


certJiin  domestic  buildings.  In  these  cases,  enclosure^  of 
the  system  is  required  and  where  the  floor  slab  is  pene¬ 
trated  by  tlie  vertical  stack  it  must  be  made  good  to 
provide  a  fire  stop.  The  resulting  arrangement  is  then 
similar  to  that  of  a  protected  shaft  with  fire  stopping  at 
flooi  level  (cf  Figures  lb  and  id). 

A  typical  domestic  above-ground  drainage  system  using 
plastics  materials  consists  of  a  soil-and-waste  stack  of 
unplasticised  PVC,  running  vertically  up  tlie  building 
and  contained  within  an  enclosure  or  a  protected  shaft. 
Lateral  (near  horizontal)  branches  connect  sanitary 
appliances  ~  sink,  basin,  WC  and  bath  -  to  the  stack. 
These  branches  pass  througii  the  enclosure  or  protected 
shaft  v/alls.  The  top  and  bottom  of  the  vertical  stack  are 
always  open  at  some  point  to  the  atmosphere.  The  ends 
of  the  lateral  branches  are  sealed  with  water  seals  at  or 
near  the  appliance. 

Under  fire  conaitions  the  likely  effect  of  the  passage  of 
plastics  pipes  through  fire  resisting  elements  is  the  loss  of 
integrity  ol  such  walls  and  floors j  when  the  pipe  deforms 
or  falls  away  a  hole  is  fomied  which  will  permit  the 
passage  of  smoke  and  hot  gases.  A  protected  shaft  is 
designed  to  provide  a  separate  fire  compartment  for  the 
passage  of  services  and  failure  would  be  deemed  to  occur 
if  fire  entered  tiie  sha^t.  Jn  small  installations  with 
limited  pipework  however,  failure  iniglit  be  deemed  to 
occur  only  when  fire  penetrated  an  inhabited  compart¬ 
ment  otlicr  than  that  in  which  the  f  re  originated.  This 
investigation  considers  boili  of  these  possiblies;  Part  i 
~  the  length  of  time  to  loss  of  integrity  of  differing 
combinations  of  pipe  and  fire  resisting  structure  and 
Part  2  —  the  probability  of  fire  breaking  into  and  out 
from  a  protected  shaft  or  an  enclosure  in  a  typical 
domestic  arrangement. 


EXPERIMENTAL  TECHNIQUE 
All  the  installations  tested  were  exposed  in  a  vertical  gas- 
fired  furnace  similar  to  but  smaller  than  that  used  for 
testing  walls  and  partitions  to  BS  476:Part  8:1972 
(Figure  2),  the  specunen  size  being  !  m  x  1  m.  The  tem¬ 
perature  recorded  by  thermocouples  witliin  die  furnace, 
sited  I(X)  nun  from  the  specimen  face  was  made  to 
follow  the  BS  time-temperature  curv'e  by  regulating  the 
gas  flow.  Using  this  equipment  the  specimen  could  be 
subjected  to  a  pressure  of  about  1  mm  wg  measured 
betw^een  the  inside  of  tlie  furnace  and  the  external 
atmosphere.  This  pressure  was  coarsely  controlled  by  the 
use  of  a  damper  on  the  c.xit  flue  and  could  in  most 
instances  be  maintained  at  the  stated  level  within  ±  25%. 


*An  enclosure  is  herein  defined  as  bounded  by  separating  walls, 
comparimcnt  walls,  floors  or  %crUcal  casing  (Figure  Id).  The 
casingis  not  an  element  of  structure  and  may  not  need  to  have 
the  fire  resistance  required  of  such  elements. 


Diagrams  show  simplitiad  sftctional  alavations 


(a)  Prolactad  shaft  without  floor  stop  (c)  Uhprotoctcd  pipas 


(b)  Protected  shaft  with  floor  stops  (d)  Enclosure 

Protected  Shofts  Enclosure 

Floor  stop  installed  after  pipework  Slock  erected  through 

comportment  floor 


Lower  two  cases  give  similar  arrangements  end  ore  treated  os  such  in  this 
iwestigation 


Figure  I  Possible  anangemenls  for  protecting  pipework 


EXPERIMENTAL  PROGRAMME 

PART  1  LOSS  OF  INTEGRITY  OF  SIMPLE  PIPE/ 

WALL  COMBINATIONS 

1.1  Objective 

The  length  of  time  to  loss  of  integrity  of  a  number  of 
plastics  pipes  passing  through  walls  of  asbestos  wall 
board  or  homogeneous  building  blocks  was  to  be  deter¬ 
mined  by  visual  observation. 

1.2  Instrumentation 

In  this  exploratory  series  instrumentation  was  kept  to 
tlie  essential  minimum.  The  furnace  temperature  was 
recorded  and  the  fumace/outside  pressure  differential 
measured  at  the  level  of  the  pipe  penetration.  The  time 
to  loss  of  integrity  was  noted. 

13  Pipe/waU  variables 
(aj  Pipe  samples 

The  plastics  materials  and  pipe  sizes  used  are  given  in 
Table  1. 

( b)  WaU  construe  tions 

The  wall  constructions  tested  are  given  in  Table  2. 

/ c}  Pipe  end  c  onditiom 

Pipes  of  the  type  listed  in  Table  1  passed  horizontally 
through  the  walls  listed  in  Table  2  and  terminated  on  the 
exposed  face  with  one  of  the  anajigements  listed  in 
Table  3. 

(dj  Jointing 

Joints  in  small  plastics  pipe  systems  are  usually  made  by 
a  spigot  and  socket  joint.  Tiiis  joint  may  either  be  sol¬ 
vent  cemented  or  provided  with  a  seal  consisting  of  a 
rubber  or  plastics  ‘O*  rLag  or  similar  device.  Suitable 
pipes  of  50  mm  diameter  were  jointed  by  eitlier  means 
and  as  the  type  of  joint  was  not  thought  to  be  significant 
no  record  of  tlic  joint  is  given.  100  mm  diameter  PVC 


pipes  are  likely  to  have  a  major  influence  on  the  time  to 
loss  of  integrity  of  a  wall/pipe  combination.  The 
influence  on  stability  and  insulation  is  likely  to  be  small. 

(i)  Open  pipes  (passage  of  fire  towards  an  open  stack). 
It  is  immediately  clear  that  an  open  plastics  pipe 
penetrating  a  fire  resisting  wall  will,  in  the  sizes 
investigated,  fail  quickly  mainly  due  to  the  material 
becoming  softened  by  hot  gases  and  falling  away 
from  the  wall.  Time  to  failure  is  increased  by 
increasing  wall  thickness  and  is  likely  to  be 
increased  by  reducing  pipe  diameter.  Under  open 
conditions,  it  is  unlikely  that  pipes  of  50  mm  dia¬ 
meter  and  larger  of  materials  and  pipe  thickness 
similar  to  those  examined  can  provide  a  satis¬ 
factory  fire  barrier  when  passing  through  walls  of 
100  mm  or  less.  The  type  of  support  provided  to 
the  pipe  through  the  partition  will  have  a  marked 
influence  on  its  performance.  Variations  in  pipe 
collapse,  carbonisation  and  combustion  may  make 
substantial  differences  to  the  results  especially 
with  open  pipes.  For  example,  in  test  1(d)  the 
collapse  of  the  ABS  pipe  provided  a  seal  and  gave  a 
result  that  would  not  necessarily  be  repeatable. 

(ii)  Sealed  pipes  (passage  of  fire  towards  an  appliance 
incorporating  a  water  trap).  Time  to  loss  of  integrity 
is  increased  in  this  circumstance,  as  the  pipe  is  not 
subjected  to  the  flow  of  hot  gases.  Notwitlis landing 
the  previous  comments  on  variation  it  is  possible 
to  predict  with  some  certainty  the  perfo;mance  of 
a  sealed  arrangement.  The  data  given  in  Table  4 
allow  a  selection  to  be  made  of  combinations  of 
scaled  pipes  and  walls  that  would  be  capable  of  pro¬ 
viding  an  adequate  fire  barrier. 


pipes  were  joined  by  cemented  or  ‘O’  ring  joint  and  the 
type  used  was  noted. 

(e)  Protecitve  sleeving 

The  use  0/  sleeving  was  not  intended  to  form  a  signifi¬ 
cant  part  of  this  investigation  but  as  1(X)  mm  PVC  pipes 
wrapped  with  glass  reinforced  polyester  (GRP)  had 
occasionally  been  used  in  practical  situations  some  pipes 
‘protected’  in  this  way  were  included. 

A  complete  list  of  the  combinations  examined  is  given  in 
Table  4. 

1 .4  Results 

The  results  of  the  tests  carried  out  in  Part  1  arc 
summarised  in  Table  4. 

IS  Df^ussion  (Part  1) 

( a)  Loss  of  in  tegrity 

Walls  and  other  dividing  elements  of  structure  must, 
under  fire  conditions,  maintain  their  stability,  restrict 
the  transfer  of  heat  and  prevent  the  passage  of  fire 
for  a  specified  length  of  time,  the  last  requirement 
being  known  as  the  maintenance  of  in tegnty.  Plastics 


Figure  3  Piior  to  test  la 


(iii)  Enclosures  and  protected  shafts.  From  the  above  it 
is  clear  that  it  would  be  difficult  to  maintain  for 
very  long  the  integrity  into  an  enclosure  or  siiaft 
containing  an  open  drainage  stack  but  maintenance 
of  integrity  out  again  towards  a  scaled  trap  is  a 
practical  possibility. 

( b)  Effect  of  material 

The  indication  from  this  restricted  number  of  tests  was 
that  of  tlie  materials  currently  used  for  branches  in 
drainage  systems,  UPVC  and  CPVC  arc  likely  to  perform 
best  in  tliis  type  of  fire  test  due  to  its  reluctance  to  burn 
and  to  the  production  of  a  rigid  carboniferous  residue. 
PVC  was  showm  to  bum  without  a  supporting  flame 
once  a  sufficiently  higir  temperature  had  been  achieved. 
High  density  polythene  and  polypropylene  gave  poorer 
results  tlian  PVC  in  these  tests  as  carbon isatioi*  docs  not 
occur  and  Uiese  materials  melt  more  quickly  and  burn 
more  readily. 

(c)  Fire  troftsfer 

It  was  thought  that  tliis  test  procedure  gave  little  indica¬ 
tion  of  lire  likelihood  of  tlie  pipes  themselves  transfering 
the  fire  througli  the  wall  because  the  draugli?  produced 
by  tlie  furnace  and  the  deficiency  of  oxygen  in  the  fur¬ 
nace  gases  appeared  to  inliibil  fiaming.  ilowever  flamir.g 
did  occur  if  outside  air  was  introduced  into  the  furnace 
(Test  le).  The  CPVC  flamed  once  a  sufficiently  high 
temperature  had  been  reached  under  these  latter  cen- 
ditions.  Tests  le.  If  and  Ig  all  showed  the  greater  risl: 
of  fiaming  witli  a  smaller  furnacc/outsidc  pressure 
differential  but  this  w^as  compensated  for  by  a  longer 
time  to  loss  of  integrity. 


As  the  p’pework  fails  hot  gases  and  possibly  flames  may 
be  transmitted  tlirough  the  open  hole  with  the 
attend int  possibility  of  fire  spread:  furthermore,  heat 
transfer  by  direct  radiation  from  the  fire  within  the  com¬ 
partment  cannot  be  ruled  out.  The  open  hole  will  also 
provide  a  path  for  smoke  and  toxic  combustion  pro¬ 
ducts  and  the  decomposing  plastics  materials  miglit  add 
to  tills  hazard. 

(d)  Protective  sleeves 

Although  insufficient  data  were  obtained  to  draw  firm 
conclusions  on  llie  effect  of  protective  sleeves,  the 
investigations  suggested  that  the  sleeve  gave  little  added 
protection  when  the  pipework  was  open  (Figures  6  and 
7)  but  appeared  to  perfonn  better  on  sealed  pipework. 

The  perfonn ance  of  tlie  sleeve  would  probably  be 
improved  if  the  pipework  w  ere  bonded  to  die  inside  of 
it  to  prevent  the  softening  pipes  falling  away.  In  the  case 
of  GRP  sleeves  an  increase  in  flames  and  smoke  occurred. 

1 .6  Conclusions  (Part  1 ) 

1  Plastics  pipes  of  50  nim  diameter  and  PVC  pipes  of 
100  mm  when  open  to  the  atmosphere  on  the  non- 
fire  side  were  shown  to  fail  quickly  when  tested  in 
combination  with  non-combustible  walls  of  9  mm, 
50  inni  and  100  mm  thickness. 

2  Sealed  plastics  pipework  gave  improved  perfor¬ 
mance. 

3  Plastics  drainage  pipework  in  buildings  requires 
protection  either  by  siting  within  a  protected  shaft 
or  by  providing  a  fire-protecting  casing. 

4  In  the  sealed  condition,  and  to  a  lesser  extent  in 
tlie  open,  the  tliickness  of  the  wall,  shaft  or  casing 
is  likely  to  be  a  major  factor  in  determining  the 
lime  to  loss  of  integrity  of  any  combination  of  wall 
and  plastics  pipe  of  given  size;  the  thicker  the  wall, 
shaft  or  casing,  the  longer  tlie  length  of  time  to 
loss  of  integrity. 
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Although  not  examined  it  is  likely  that  higlier  pres¬ 
sures  would  cause  earlier  failure.  However  the 
1  mm  wg  used  in  tins  test  is  unlikely  to  be 
exceeded  in  practice. 

By  tire  use  of  enclosures  or  protected  shafts  to  pro¬ 
tect  PVC  services  it  is  possible  to  provide  adequate 
fire  resistance  between  occupied  compartments  pro¬ 
vided  a  degree  of  integrity  failure  between  the  fire 
compartment  and  the  shaft  or  enclosure  is  acceptable. 


•'.  >  ■ -1*  •- 

Figure  6  View  from  exposed  side  after  test  li 


Figure  7  View  from  uncx posed  side  after  test  li 


PART  2  TESTS  ON  PLASTICS  PIPES  WITHIN 
ENCLOSURES  AND  PROTECTED  SHAFTS 

2.1  Introduction 

In  the  above-ground  drainage  system  of  a  typical  housing 
unit  near  horizontal  branches  connect  the  sink,  lavatory 
basin,  bath  and  the  water  closet  to  a  vertical  ^tack.  In 
multi-storey  housing  the  vertical  stack  may  be  common 
to  one  or  two  columns  of  dwellings.  Yhe  latter  case  is 
often  referred  to  as  a  ‘back-to-back’  arrangement,  a 
typical  plan  of  which  is  shown  in  Figure  8.  Typical  sizes 
for  the  horizontal  branches  are: 
sink  branch  —  38  mm 
basin  branch  ~  32  mm 
bath  branch  -  38  mm 
WC  branch  ~  90  mm 

In  other  types  of  buildings  involving  ranges  of  WC’s  or 
basins  the  sizes  may  increase  to  100  mm  and  50  mm  for 
WC  and  basin  branches  respectively. 

The  vertical  stack  is  likely  to  be  enclosed  for  aesthetic 
reasons  by  casing  or  within  a  service  shaft.  If  the  pipes 
are  of  plastics  or  other  combustible  materials  this  should 
be  a  ‘protected’  shaft  and  its  walls  should  have  the  fire 
resistance  specified  by  the  Building  Regulations.  In 
residential  buildings,  services  may  be  enclosed  in  casings 
extending  the  full  height  of  the  room  from  floor  to  floor 
and  tlieir  fire  resistance  may  be  less  than  tliat  specified 
for  other  elements  of  construction. 

It  is  common  practice  in  tlie  installations  described 
above  either  to  pass  the  vertical  stack  pipe  through  the 
floor  and  provide  external  casing  around  it  frr  m  floor 
to  ceiling  (Figure  Id)  or  to  extend  the  floor  to  surround 
the  pipe  after  installation  witlrin  a  shaft  (Figure  lb);  this 
latter  practice  is  known  as  ‘floor  stopping’.  Both 
encasing  and  floor  stopping  give  a  similar  final  condition 
which  miglit  lead  to  a  build  up  of  smoke  and  combus¬ 
tion  products  at  fire  level  witlrin  the  protected  shaft  or 
enclosed  area. 

2.2  Objective 

Part  i  of  this  investigation  showed  that  if  the  progress 
of  the  fire  is  towards  an  open  section  of  the  pipework, 
the  time  to  loss  of  integrity  of  any  combination  of  a 
plastics  pipe  and  a  wall  will  be  vmacceptably  short. 
Nevertheless,  if  the  pipework  is  sealed  this  time  is  likely 
to  be  considerably  longer.  Thus  if  the  plastics  pipework 
is  witliin  a  shaft  or  enclosure,  it  may  be  possible  to  so 
arrange  th^  shaft  or  enclosure  wall  dimensions  that  even 
if  fire  penetrates  quickly  into  the  shaft,  it  will  take  longer 
to  break  out  again.  The  objective  of  tliese  Part  2  tests 
was  to  examine  in  the  1  m  x  1  m  furnace  (Figure  2) 
typical  pipe  and  shaft  arrangements  to  detennine  the 
time  taken  for  fire  to  break  into  and  out  of  the  shaft. 
Conditions  witliin  the  shaft  were  monitored.  The  sizes  of 
shaft  and  pipework  used  were  compatible  with  the  con¬ 
ditions  in  a  domestic  building.  The  results  obtained  were 
intended  to  predict  performance  only  in  tliis  situation 
but  may  also  be  used  as  guidance  for  larger  installations. 


Figure  8  Diagrammatic  plan  of  a  typical  ‘bacic-to-back* 
drainage  system 

23  Description  of  equipment 
A  test  cabinet  measuring  approximately  1  m  x  03  ni  x 
2  m  high  was  constructed  of  12  mm  asbestos  board  and 
metal  framing  (Figures  9, 10  and  11).  Vertical  partitions 
of  12  mm  asbestos  board  divided  the  area  into  three 
equal  parts  giving  three  shafts.  Other  materials  were 
added  to  or  replaced  tlie  section  exposed  to  the 
1  m  X  1  m  furnace. 

A  reinforced  glass  window  —  100  mm  wide  and  the  full 
height  of  the  cabinet  on  the  unexposed  back  wall  of 
each  shaft  allowed  visual  observation  of  tlie  pipework 
and  smoke  within  the  shaft.  Three  shaft  arrangements 
were  examined  in  each  test.  Each  shaft  had  a  fire  stop 
1 50  mm  from  the  base  and  300  mm  from  the  top.  The 
shafts  were  closed  but  joints  were  not  sealed.  In  each 
shaft  a  100  mm  stack  ran  vertically  through  the  centre 
and  in  all  but  one  case  the  stacks  were  of  PVC.  Each 
stack  stood  on  the  base  (providing  a  seal)  and  was  open 
at  the  top.  One  or  two  open  horizontal  branch  pipes 
passed  from  the  furnace  into  the  shaft  and  joined  each 
vertical  stack.  Above  the  upper  floor  stop  a  horizontal 
branch  pipe  passed  out  from  the  shaft.  This  pipe  was 
sealed  to  simulate  the  existence  of  a  water  trap.  In  the 
later  tests  (2(d),  (e)  and  (0)  horizontal  branch  pipes 
were  introduced  into  the  shaft  through  the  unexposed 
back  wall  and/or  through  the  side  walls.  Specific  des¬ 
criptions  of  the  pipe  arrangements  for  each  test  are  given 
in  Table  5  and  shown  diagrammatically  in  Figures  12-15. 
The  sections  of  the  shaft  above  and  below  the  upper  fire 
stop  are  referred  to  as  the  upper  and  lower  compart¬ 
ments  respectively. 

Different  constructions  were  used  for  the  wall  exposed 
to  the  furnace  and  in  the  last  test  the  unexposed  back 
wall  was  thickened  to  100  mm  by  the  introduction  of 
block-work. 

2.4  Instrumentation 
Furnace  temperature 

The  temperature  in  the  furnace  was  measured  by  four 
thermocouples  positioned  100  mm  from  the  exposed 
face  of  the  cabinet  and  the  gas  supply  to  the  furnace 


controlled  to  provide  the  temperature-lime  curve  speci¬ 
fied  in  BS476:Parl  8:1973. 

Other  temperatures 

Temperatures  were  measured  by  thermocouples  within 
the  protected  shaft  above  and  below  the  upper  floor 
stop  and  witliin  the  vertical  stack  below  the  upper  floor 
stop  as  shown  in  Figure  12. 


Figure  9  Cabinet  mounted  on  IroIJey  prior  to  test  2a  viewed 
from  furnace  side 


Figure  10  Cabinet  viewed  from  unexposed  side  after  lest  2a 
(reinforced  glass  window  removed) 


Test  2c 


As  Tor  2d  except 

(o)  cpvc  branch  pipes  replaced  by  polypropylene 


Figure  12  Tests  2a,  2b  r  id  2c  - 
Diagrammatic  layouts 


t'igure  14  Test  2e  -  Diagrammatic  layouts 


T«st  2f 


Figure  15  Test  2f  -  DiaKrarmnatic  layouts 
Pressures 

Indications  of  tlie  pressure  conditions  were  obtained 
using  open  ended  copper  tubes  inserted  mto  the  furnace, 
the  shaft  and  the  vertical  stacks.  Each  tube  was  inserted 
at  90®  to  the  predominant  air  flow.  It  was  thouglii  that 
as  pressures  were  so  variable  and  uncontrolled  more 
sophisticated  measurements  were  unwarranted.  Posi¬ 
tions  at  which  pressure  measurements  were  made  are 
shown  in  Rgure  12. 

2.5  Pipe/wall  variables 

All  combinations  examined  are  illustrated  diagram- 
matically  in  Figures  12-15  and  listed  in  Table  5. 

2.5.1  Tests  2(a),  (b),  (c)  and  (d)  represented  simple 
arrangements  in  wliich  branch  pipes  of  the  materials 
examined  in  tests  1(a),  (b),  (c)  and  (d)  were  examined 
in  the  more  practical  situation  of  entering  an  enclosed 
shaft  and  connecting  with  a  vertical  stack.  Various  pipe 
sizes  were  used  to  detennine  tlie  effects  due  to  this 
factor  on  the  comparative  severity  of  conditions  with¬ 
in  the  shaft  and  on  tlie  possibility  of  fire  spread  from 
compartment  to  compartment. 

2.5.2  Tests  2(e)  and  2(f)  examined  the  larger  100  mm 
pipes  likely  to  be  encountered  in  the  practical  situation 
as  WC  branch  pipes. 


2.53  The  possible  arrangemeats  of  two  WC  branches 
discharging  into  the  same  stack  was  examined. 

23.4  Tlie  ‘back-to-back*  arrangement  when  branches 
enter  the  enclosed  shaft  and  join  the  stack  from  opposite 
sides  was  examined  in  arrangement  2e/centre  and  test  2f. 

233  A  possible  layout  of  sanitary  accommodation  in  a 
pair  of  dwellings  so  arranged  to  give  back-to-back  con¬ 
nections  to  the  soil  and  waste  stack  is  shosvTi  in  Figure  8. 
Arrangements  2e/Iert  hand  and  riglU  hand  examined 
possible  alternatives. 

Results 

A  summary  of  temperature  conditions  and  comments  on 
results  are  given  in  Table  5.  Complete  temperature 
records  are  given  in  Appendix  II. 

(a)  Waste  branches  pipes  up  to  50  mm  -  Tests  2a,  2b, 
2c.  2d 

Tests  2a,  2b,  2c  a  .d  2d  each  consisted  basically  of  a 
50  mrn,  a  38  mm  and  a  25  mm  waste  pipe  passing 
througli  a  wall  and  connecting  to  a  100  mm  stack. 
Damage  occurred  more  quickly  within  tlie  lower  com¬ 
partments  penetrated  by  the  larger  pij^es.  This  is  clearly 
shown  in  Figures  16  and  17.  It  should  be  noted  that  the 
conditions  shown  m  these  figures  arc  after  120  minutes 
and  100  minutes  exposure  respectively.  p 
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50  mm  CP\T  38  n:m  CI»VC  25  mm  CPVC 

branch  branch 


16  Alia  test  2a.  Sho%1n£  vxhAtia» 
of  damajK  due  to  size  of  CPVC 
horizoAUl  branch  pipe.  Duntioa 
of  test:  1 15  mia 


Comparison  of  Tests  2b  and  2c  suggest  that  the  type  of 
branch  pipe  material  used  influences  (he  conditions 
wiiiiin  the  lower  compartment  for  an  initial  period  but 
after  longer  periods  of  expe^sure  the  thickness  of  the 
exposed  wall  and  the  pipe  diameter  ate  the  significant 
factors.  The  oilier  tests  although  not  giving  a  direct  com' 
parison  did  not  ctmtradict  this  statement. 

TTic  thickness  of  the  wall  esoosed  to  die  heating  contli- 
lions  wa;  shown  to  have  a  conridcjabic  effect  on  the 
conditions  wjihin  the  lower  compartment.  Tests  2c  and 
2d  provide  a  direct  comparison.  (Figures  17  and  18.) 

The  P\'C  Slack  burned  when  temperatmes  within  the 
lower  compartment  rc.ichcd  about  350‘'C. 

In  no  instance  was  there  a  loss  of  integrity  between  the 
lower  and  upper  compartments  due  to  failure  of  (he 
pipc/floor  stop  combination.  Upper  compartment  tern* 

to 


peratures  appear  to  be  related  to  lower  compartment 
temperatures,  lOO^'C  being  reached  in  the  upper  wiicn 
the  lower  reached  about  300*^C.  Above  these  tempera- 
turcs  distortion  of  the  stack  in  the  upper  compartment 
occurred  (arrangement  2d/Ih  -  Figure  15). 

(b)  1 00  mm  branch  pipes  ~  Tests  2e  and  2f 

In  all  arrangements  examined  here  two  1(X)  mm  branch 
connections  were  made  into  the  vertical  stack,  one 
branch  passing  through  the  expr^d  wall  and  the  other 
passing  ihrourji  an  unexposed  wall.  In  arrangcmenls  2f 
and  2c/cenffe  a  100  rnm  branch  passed  Uuough  the 
unexposed  hack  wall  of  the  shaft  -  a  direct  back-to-back 
arrar.gcmenl.  In  arrangements  2e/lh  and  2e/rh  a 
lOO  mm  branJi  pipe  passed  through  lire  unexposed  .side 
walls.  Ail  pipes  through  unexposed  walls  were  sealed. 
Until  loss  of  integrity  occurred  lluough  an  unexposed 
wall  the  condition  was  not  significantly  different  from 
that  with  a  single  open  branch  connecUon  through  the 
exposed  wall. 


F^ie  17  Aftci  IcJt  2b  (75  min>.  Variation  due  to  pipe  size  (50  mm  on  right,  25  mm  on  left)  and  protection 
pven  by  floor  ttop  to  stack  higher  up  clearly  shoifc'n 


Arrangement  2r/ccn(re  uj«d  a  cast  iron  100  mm  stack 
but  was  otherwise  similar  to  2f/!h.  Arrangement  2r/rh 
did  not  include  an  upper  floor  stop  but  was  otherwise 
similar  to  2f/lh. 

Lower  compaiimcni  temperatures  in  all  three  arrange¬ 
ments  in  Test  2c  and  arrangement  2f/lh,  when  com¬ 
pared  with  earlier  results,  appear  to  indicate  that  when 
100  mm  branches  arc  used  compartment  wall  thick¬ 
nesses  up  to  100  mm  do  not  ha-;e  a  significant  influence 
on  the  conditions  in  the  lower  compartment.  Tlicsc  con¬ 
ditions  arc  dictated  by  the  large  aperture  througli  the 
wall  left  by  failure  of  the  100  mm  branch. 


Comparison  of  arrangcmcnls  2e/centrc  and  2f/lh 
indicate  that  one  influence  on  the  loss  of  integrity  from 
flic  lower  compartment  is  the  thickness  of  ;hc  uncx- 
pt»sed  In  arraiigement  2c/ccnlrc.  integrity  was  lost 
tluougii  the  back  wail  (6  mm  asbestos  wall  board)  at 
44  mmulcs. 

In  arrangement  2l/’lh,  integrity  of  the  100  inm  pipe 
througli  liic  100  mm  unexposed  back  wall  was  main¬ 
tained  for  90  minutes.  Integrity*  was  not  lost  lhroug)i  the 
side  walls  in  arrangenicnts  2c/lh  and  2c/fh. 

Burning  of  the  PVC  100  mm  slack  again  iKcur^cd  when 
lower  comr/  irlmcnt  temperatures  rca,  hed  abiHii  350^^C. 
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Figwfv  1 83  Front 


Figure  18  Test  2d.  Upper  compartment  after  test  (65  mm).  Considcraliic  distor¬ 
tion  inside  compartment  (some  occumni:  after  end  of  test  -  F  ipuie 
I8b>.  Integrity  wn  up|>ef  and  lower  compsrimcnt  believed  to  be 
inuct  at  end  of  tot.  Integrity  of  branch  (scaled;  pipes  inucl  - 
Figure  18a 


The  upper  compartment  temperarure  again  reached 
about  lOO^C  when  that  of  tiic  lower  cornpariment 
reached  3(X)^t  Above  these  temperatures  distortism  of 
ihe  slack  in  the  upper  compaitmcnt  began  (Figure  19j. 

Comparisoft  of  a  PVC  %ystcfn  with  cdsr  iro^i 

system  -  Arrangeirenu  2f/lh  and  2f/ccnlte 
Arrangements  2f/lh  and  2f/ccn{re  provided  a  direct 
comparison  between  the  same  arrangement  in  PVC  and 
cast  iron.  \s  expected  no  loss  oi  integrity  (Kcuned  with 
cast  iron.  However,  the  ten^perature  in  the  uppci  c-onv 
partmcnl  rose  more  rapidly  due  to  the  increased  thermai 
conducuvity  of  tiic  pipe  riiatcriols  and  to  the  flow  of  hot 
gases  in  rite  cast  iron  system  being  unobstructed  unlike 


that  in  either  the  simdaf  PVC  arrangement  or  any  pre¬ 
vious  test. 

(dj  Comparison  ofarrem^ixmenn  nith  and  without  fin 
stops  -  Arrangements  2f/!h  and  2f/fh 
Arrangement  2f/rh  was  virtually  the  same  as  2f/Ih  but 
for  the  exclusion  of  the  upjier  fire  stop.  Burning  in  both 
arrangements  commenced  before  60  minutes.  In  arrange¬ 
ment  2f/rh,  without  a  fire  stop,  the  complete  stack  was 
desttiiycd  and  integrity  lost  from  the  upper  compart¬ 
ment  at  '19  minutes.  In  the  firc*siopped  arrangenKnt 
in tegrily  through  the  fire-slop  and  also  from  the  upper 
compartment  was  still  intact  at  the  end  of  the  test  (85 
minutes).  Figure  21. 
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Figure  19  Aficr  test  2e,  Upper  coinpartmcnt  sucks  in  lower  com* 
partment  compktely  dcsiroyeiJ.  Stacks  m  upper  com- 
partxncni  protected  by  floor  stud  (much  of  the  disior* 
tion  shown  occurred  wcli  after  cessation  of  te*t) 


Figure  20  Test  2f.  At  4i  -v  utes 


2.7  Disciissjofl  of  results 
2.7./  PcrfoniKDice  considerations 
(a)  Criteria  for  failure 

From  lltc  point  of  view  of  fire  spread  it  is  not  considered 
necessary  to  enclose  most  non-combusiiblc  pipework 
within  a  shaft  or  cnc1osufc;how'evcr  fliis  is  usually  done 
for  appearance  coiuidcrations. 


It  may  not  be  necessary  to  enclose  small  diarncler 
plastics  pipes  within  protecting  structures  but  again  it  U 
thought  to  be  preferable  bollt  to  prevent  damage  by 
minor  fires  and  other  accidents  and  for  llie  aesthetic 
reason  suggested  above. 

For  the  sizes  and  types  of  pipework  arrangements 
examined  here,  however,  protection  is  usually  necessary 
to  comply  with  the  Regulations.  This  protection  may 
take  two  forms:  a  protected  shaft  or  an  enclosure.  These 
forms  arc  shown  and  explained  in  Figure  1 . 

With  coastructions  of  tliis  type  two  criteria  of  failure 
are  possible:  (a)  the  more  rigorous,  in  which  failure  is 
considered  to  have  occurred  at  the  time  of  failure  of  fire 
resistance  of  the  exposed  protecting  wall  and  (b)  in 
which  failure  is  considered  to  have  occurred  at  the  lime 
of  failure  of  fire  resistance  of  the  total  barrier  between 
the  fire  compartment  and  any  other  comparunent. 

Part  1  of  ifiis  investigation  has  shown  that  if  criterion 
(a)  is  considered,  a  failure  due  to  Ic^  of  integrity  may 
occur  very  quickly  if  open  pipework  of  plastics  material 
is  used.  Combinations  of  thick  walls  and  sealed  pipes  of 
50  mm  id  or  less  should  satisfy  ifiis  criterion  but  the  use 
of  larger  pipes  would  require  precise  test  evidence  of  fire 
pcrfonnance. 

In  small  installations  such  as  the  domestic  arrangements 
investigated  in  Part  2,  fire  is  unlikely  to  originale  within 
the  shaft  and  limited  pipework  will  contribute  liilJc  to 
the  fire  load.  It  is  therefore  thought  that  in  these  circum* 
stances  criterion  (b)  would  provide  reasonable  protec¬ 
tion  against  fire  spread  as  has  been  suggested  elsewhere^ 


F'igur!i  21  After  test  2f.  Loss  of  integrity  from  upper 
compartment 
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Wails  of  protected  shafts  are  normally  expected  to  have 
the  same  fire  resistance  as  other  elements  of  the  structure 
and  to  have  llus  resistance  from  both  sides.  If  it  is 
accepted  that  the  criterion  of  failure  is  tha*  of  failure  of 
the  total  barrier,  for  shafts  wliich  contain  only  a  limited 
fire  load,  the  fire  resistance  requirement  for  the  shaft 
walls  might  be  reduced.  This  irivcsligatien  showed  that, 
providing  a  satisfactory  floor  slop  was  fitted,  the  pro¬ 
tection  given  by  tire  structural  walls  and  casings  in  the 
system  tested  was  adequate  to  prevent  fire  spread  from 
one  compartment  to  another  via  the  combustible  pipe¬ 
work  during  at  least  a  1  hour  fire  resistance  test. 

There  is  no  difference  between  tlic  possibility  of  fire 
spread  dtrough  a  system  in  which  tJie  main  piping  is 
enclosed  in  a  protected  shaft  wiiii  floor  stops  adjacent 
to  a  structure  wall  and  a  similar  system  wiiich  is 
‘encased*. 

Hence  for  botli  systems  tlie  important  question  is  tlic 
degree  of  fire  resistance  which  is  needed  for  tlic  casing; 
it  would  appear  from  the  tests  tliat  half  the  fire  resis¬ 
tance  required  from  other  elements  of  structure  would 
be  adequate  subject  to  a  minimum  of  ^  hour  measured 
from  both  sides  to  avoid  the  possibility  of  structural 
failufc*.  Certainly,  proviued  the  wall  or  casing  is  thick 
enou^  to  prevent  failure  of  the  junction  between  the 
pipe  and  the  wall  on  the  unheated  face,  full  insulation 
docs  not  appear  to  be  necessary. 

(b)  Vertical  fire  spread  to  ether  compartments  - 
Floor  stops 
(i)  Enclosures 

Since  the  term  ‘enclosure’  implies  the  passage  of 
pipes  through  the  floor  and  the  addition  of  casing 
enclosing  the  pipes  between  floor  and  ceiling,  con¬ 
sideration  of  Itorizonlai  floor-slopping  to  provide 
vertical  separation  docs  not  arise, 

(ii)  Protected  shafts 

Fire  stops  within  the  protected  shaft  are  not 
normally  required  by  the  Regulations.  The  early 
tests  M  Part  2  suggested  that  with  cwnbustible 
pipes,  fuc  slops  should  be  provided  in  order  to  mini¬ 
mise  spread  of  smoke  ihrougli  the  building,  to 
localise  damage  to  the  drainage  system  and  to  pre¬ 
vent  colbpse  of  large  sections  of  pipework  into 
areas  in  close  proxunity  to  tJic  fire.  Figures  16. 17. 

18  and  19  all  sht»w  the  protection  given  to  pipework 
higher  up  by  the  floor  slop.  Because  of  the  obvious 
necessity  for  a  floor  stop,  only  one  arrangement  was 
tested  without  a  fire  stop  -  (2f/right  hand.)  The 
complete  stack  in  this  example  collapsed  at  about 
29  minutes.  Figure  20  shows  test  2r  at  about  40 
minutes  with  the  left  hand  slack  intact  at  the  upper 
level.  Failure  occurred  in  lest  2f/rh  at  49  minutes 


•These  tests,  however,  were  tonfmed  to  the  use  of  asbestevs 
ii  cub  lion  products  which  did  not  suffer  stability  failure  over 
llie  test  durations  invob'cd. 


when  integrity  was  lost,  (for  the  only  time  in  the 
test  series,  from  the  upper  compartment  (Figure 
21)).  This  loss  of  integrity  seems  to  have  occurred 
not  solely  due  to  the  temperature  in  tlie  upper 
compartment  but  also  to  the  disturbance  caused  by 
the  collapse  of  the  stack. 

It  is  suggested  that  the  floor  stopping  should  be  solid, 
non<ombustible  and  of  equal  tliickness  and  fire  resis¬ 
tance  to  fhe  compartment  floor  through  which  the  pro¬ 
tected  sliaft  passes  and  be  smoke-tight  and  adequitely 
supported.  All  pipes  passing  throu^  the  floor  stop 
should  be  fire  slopped  with  a  suitable  material,  special 
attention  being  paid  to  tnose  pipes  requiring  sleeving  for 
thermal  movement. 

Penetration  downwards  is  much  less  likely  than  upwards 
and  was  not  experienced  in  iliese  tests.  The  floor-stopping 
suggested  above  would  give  satisfactory  protection. 

Providing  the  floor  stops  arc  constructed  as  recom¬ 
mended  above  the  section  of  protected  shaft  will  per¬ 
form  in  the  same  way  as  an  enclosure  for  wliich  some 
relaxation  is  provided  for  the  passage  of  PVC  pipes 
through  separating  walls  into  such  areas. 

(c)  Horizontal  fire  spread 

Fire  and/or  smoke  may  penetrate  from  the  fire  compart¬ 
ment  by  way  of  tlie  shaft  to  rompartments  abuve  or 
below  and  to  other  compartments  on  the  same  level. 
Resistance  to  penetration  to  areas  above  or  below  is 
increased  by  the  provision  of  a  floor-stop  as  siiown 
above.  Horizontal  penetration  is  more  difficult  to  con¬ 
tain  especially  if  sections  of  the  same  piping  system  are 
involved  (see  Figure  8).  Tlie  wall  opposite  to  that 
exposed  to  the  fire  is  more  vulnerable  than  the  side  walls 
due  to  the  greater  intensity  of  direct  radiation  through 
perforations  in  the  exposed  wall  left  by  (he  failure  of 
plastics  pipes.  In  the  type  of  domestic  circumstances 
envisaged  in  Part  2  of  Uiis  investigation  sections  of  the 
shaft  wall  struturc  may  be  fairly  substantial  due  to  re¬ 
quirements  otiicr  than  those  for  fire,  viz  structural  or 
sound  insulation.  Tests  2e  and  2f  suggest  that  a  combina¬ 
tion  of  a  relatively  thick  wall  (100  mm  is  suggested  as  a 
minimum)  with  a  thinner  one  will  give  satisfactory 
results.  The  thicker  wall  is  assumed  to  be  a  separating 
wall  and  must  have  the  full  fire  resistance  required  for  an 
element  of  structure.  The  thinner  wall  is  provided  by  the 
casing  or  a  protected  shaft  wall  and  reduced  fire  resis¬ 
tance  may  be  adequate;  the  thickness  will  detennine  the 
time  to  failure  and  minimum  recommended  dimensions 
are  given  in  Table  6. 

The  ‘straiglit  througli’  100  mm  pipe  in  the  centre  com¬ 
partment  in  2c  failed  at  44  minutes  with  an  unexposed 
wall  of  only  6  mm  thickness  but  similar  pipes,  offset 
through  25  mm  walls  retained  their  integrity  suggesting 
that  the  thickness  requirement  given  above  would  give 
adequate  protection,  in  the  comparable  arrangement 
with  fire  from  the  otiicr  side  (test  2f/lcfl  hand)  integrity 
was  maintained  but  failure  through  the  100  mm  wall  was 
llioughl  to  be  imminent  at  90  minutes. 
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In  test  2e,  right  hand  and  left  hand,  integrity  was  main¬ 
tained  through  the  side  walls  to  tlic  end  of  the  test  (65 
minutes).  Although  the  side  was  much  thicker  (25  mm) 
than  the  back  (6  mm)  in  this  case,  it  is  likely  that  useful 
benefit  would  be  gained  if  entries  into  the  shaft  arc  not 
directly  opposite  one  anolhei.  Pipes  througli  unexposed 
walls  are  not  then  exposed  to  excessive  direct  radiation 
from  the  Hre  when  failure  through  the  exposed  wail 
occurs. 

(d)  Fire  transfer 

As  in  Part  1 ,  little  indication  of  fire  transfer  was  given  by 
this  test  procedure.  Lack  of  oxygen  in  the  furnace  gases 
inliibits  flaming  even  of  tliose  materials  known  to  be 
highly  flammable.  However,  it  is  thought  that  the  com¬ 
bustion  products  frrri  a  fire  giving  the  liigh  tempera¬ 
tures  of  the  BS  lime/tcmpcrature  curve  arc  tliemsclvcs 
likely  to  be  deficient  in  oxygen.  Fires  not  consuming  the 
major  part  of  the  available  oxygen  are  likely  to  be  less 
hot.  The  suggestions  made  above  for  the  construction  of 
floor  stops  and  shaft  walls  are  likely  to  contain  fire 
spread  in  any  conditions.  In  systems  such  as  those 
examined,  constructed  primarily  from  PVC,  flaming 
only  occurs  after  a  considerable  time  when  a  hi^  tem¬ 
perature  is  reached.  In  these  circumstances  the  fire 
would  probably  be  so  large  as  to  make  the  contribution 
to  the  fire  from  the  piping  material  insignificant. 

(e)  Smoke  and  sinoke  spread 

The  production  of  smoke  and  toxic  gases  was  shown  to 
be  a  substantial  problem  in  the  fire  performance  of 
plasrics  pipe  systems.  In  the  type  of  system  examined 
the  hazards  resulting  from  the  spread  of  smoke  are 
likely  to  be  greater  than  is  the  risk  of  fire  transfer. 
Thermal  decomposition  of  a  quantity  of  PVC  can  pro¬ 
duce  up  to  50  per  cent  HCI  by  weight*.  In  all  tests  of 
Pari  2,  considerable  quantities  of  smoke  were  evolved. 
This  leads  to  the  conclusion  already  drawn  above  that 
every  effort  must  be  made  to  contain  the  products  of 
plastics  combustion  within  the  fire  compartment  and  its 
associated  section  of  service  shaft.  The  need  for  floor 
stops  and  good  fire-stopping  around  pipes  is  stressed 
again. 

(0  Materials  examined 

Part  1  has  shown  chlorinated  PVC  to  be  the*  best 
material  under  the  type  of  fire  test  conditions  investi¬ 
gated  in  that  pari.  PVC  and  chlorinated  PVC  pipe!*  given 
reasonable  support  (partly  by  the  thickness  of  the  wall) 
remain  in  position,  decompose  and  carbonise  leaving  a 
rigid,  brittle  carbonaceous  residue.  This  effect  con¬ 
siderably  assists  tliC  performance  of  the  larger  (and 
thicker)  100  mm  pipe.  Paidy  for  this  reason  PVC  was 
the  only  larger  plastics  pipe  examined  in  Part  2.  It  is 
stressed  that  the  comments  made  here  and  the  conclu¬ 
sions  drawn  later  on  the  use  of  100  mm  pipes  apply  only 
to  PVC.  It  is  believed  that  no  otlier  plastics  material 
currently  readily  available  as  drainage  pipework  would 
perform  as  well.  The  carbonising  effect  of  PVC  is  clearly 
shown  on  Figure  22  which  shows  the  remains  of  the 
100  mm  PVC  pipes  tlirough  the  100  mm  back  wall  of 
test  2f/left  hand  and  right  hand.  The  carboniferous 


Future  22  Horizontal  branch  pipes  -  test  2f  showing  rigid 
carbonised  residue 

residue  will  break  down  on  prolonged  exposure  but  will 
retard  the  penetration  of  fire  tlirougli  pipe  and  wall 
combinations. 

Several  tests  demonstrate  that  the  so  called  ‘self- 
extinguishing’  property  of  PVC  is  not  maintained  under 
conditions  of  elevated  temperature.  In  this  investigation 
PVC  burned  readily  on  several  occasions  when  tlte  lower 
compartment  temperature  exceeded  3C0°C.  However,  it 
was  demonstrated  that  this  burning  could  be  contained 
within  a  floor-stopped  shaft  or  similar  arrangement. 
Figures  16,  17,  18  and  19  all  show  results  where  the 
'tack  in  the  lower  compartments  had  burned  vigorously 
but  damage  in  the  upper  compartment  was  limited  to 
distortion. 

It  must  be  noted  here  that  on  at  leasi  one  ocrasion 
(during  test  20  the  100  mm  PVC  pipe  burned  with  a 
flame  within  the  furnace  more  readily  tlian  experience 
would  have  predicted.  This  led  to  the  belief  that  there 
may  be  materials  which,  added  to  the  PVC  mix  or  other¬ 
wise  used  during  manufacture,  might  change  its  com¬ 
bustion  properties.  Whether  or  not  the  use  of  these 
materials  is  permissible  within  the  requirements  of 
BS  4514:1 969  is  not  clear. 

Differences  in  the  performances  of  the  plastics  materials 
examined,  in  this  investigation  other  than  PVC,  were  not 
such  as  to  justify  differentiating  between  them  when 
defining  their  use.  Their  use  should  be  restricted  to  the 
smaller  sizes  (sec  below).  Test  2f  suggests  that  the  use 
of  noncombustible  metallic  pipework  —  in  tliis  case 
cast-iron  ~  may  not  necessarily  lead  to  improved  con¬ 
ditions.  Altliou^  these  pipes  will  maintain  integrity 
through  walls  and  fire  stops  more  readily  than  plastics 
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pipes,  their  greater  thermal  conductivity  leads  to  the 
transfer  of  considerably  more  heat.  In  test  2!  the  upper 
compartment  temperatures  are  seen  to  be  considerably 
liigher  in  the  shaft  using  cast-iron  (centre)  than  in  tire 
comparable  one  using  PVC  (left  hand). 

(g)  Pipe  size 

Allhou^  tests  2a,  b.  c  and  d  clearly  demonstrate  that 
the  size  of  pipe  passing  into  the  protected  shaft  has  a 
substantial  effect  within  it,  the  variation  due  to  pipe  size 
is  likely  to  diminish  as  the  shaft  or  casing  wall  thickness 
increases;  tliis  effect  is  however  small  in  comparison  with 
heating  in  Uie  enclosure  due  to  conduction  through  the 
exposed  wall.  Althou^  these  four  tests  do  not  give  a 
complete  picture,  a  need  to  restrict  the  size  of  plastics 
pipes  Ihrougli  protecting  structures  is  demonstrated  and 
since  conditions  adjacent  to  tlie  shaft  wall  or  casing  can* 
not  be  controlled  the  restriction  of  pipe  size  to  100  mm 
diameter  for  PVC  and  38  mm  for  other  plastics  appears 
t:;  give  a  reasonable  level  of  protection. 

(h)  Combinations  of  pipes 

Althougli  this  effect  was  not  investigated  directly,  com¬ 
parison  of  the  results  of  tests  2e  and  2f  suggests  that  if  a 
100  mm  PVC  pipe  passes  througli  tiie  protecting  clement 
the  addition  of  a  limited  number,  (perhaps  three,)  of 
smaller  pipes  (38  mm  or  less)  would  not  substantially 
worsen  the  condition.  The  proviso  must  be  made  that 
each  additional  smaller  pipe  must  pass  through  the  pro¬ 
tecting  element  separately  and  be  separately  fire 
stopped.  The  passage  of  several  pipes  througli  a  large 
hole  wliich  is  subsequently  fire  stopped  miglit  well  lead 
to  ♦he  falling  out  of  the  stopping  under  fire  conditions. 

(i)  Composite  walls 

Again,  this  effect  was  not  examined.  It  is  possible  that  a 
sandwich  wall  construction  with  a  void  in  the  centre 
would  give  a  different  performance  from  the  homo¬ 
geneous  constructions  examined.  Comparable  perfor¬ 
mance  would  probably  be  achieved  if  a  non-combustible 
sleeving  were  used  or  if  care  were  taken  to  ensure  that 
solid,  non-combustible  fire  stopping  was  continued  into 
the  void  (see  Figure  23). 

Composits 

construction 

wall 


(j)  Sleeving 

Sleeving  of  plastics  pipes  where  they  pass  tluough  walls 
has  been  proposed  as  a  method  of  retarding  integrity 
failure  at  the  plane  of  division;  nevertheless  distortion 
and  failure  of  tlie  pipe  is  likely  to  occur  at  the  ends  of 
the  sleeve  and  unless  a  rigid  plug  of  decomposed  plastic 
is  formed  within  its  length  integrity  of  the  whde 
system  will  be  lost.  It  would  seem  that  in  small  systems 
such  as  those  primarily  considered,  tlie  provision  of 
sleeving  is  difficult  due  to  lack  of  space  and  probably 
unnecessary.  In  larger  installations  sleeving  might 
increase  the  effective  thickness  of  an  otherwise  thin 
partition  and  is  most  useful  if  the  pipes  are  not  open. 

The  sleeving  should,  however,  not  add  to  the  fire  hazard. 
The  GRP  wrapping  examined  gave  off  considerable 
amounts  of  dark  smoke  as  well  as  combustible  products. 
To  make  sleeving  most  effective  a  bond  between  the 
sleeve  and  the  pipe  is  necessary,  otherwise  the  softening 
pipe  collapses  away  from  the  sleeve  as  shown  in  Figure  6 
-  test  li.  Metallic  sleeving  due  to  its  liigh  thermal  con¬ 
ductivity  would  probably  exaggerate  tliis  collapsing 
effect. 

Where  a  plastics  pipe  is  fitted  onto  a  metal  section  to 
penetrate  a  division,  failure  of  the  junction  is  likely  to 
occur  on  the  unexposed  face  whenever  pressure  condi¬ 
tions  are  such  that  flow  of  hot  gases  from  the  fire  area 
occurs. 

(k)  Support 

Support  for  pipes  on  the  exterior  of  the  service  duct  is 
likely  to  be  better  in  practice  thari  in  these  experiments, 
and  therefore  likely  to  give  improved  fire  performance. 
Inside  protected  shafts  the  complete  collapse  of  the  large 
diameter  pipework  due  to  softening  is  considereo  to 
increase  unnessarily  the  problems  associated  with  igni¬ 
tion  and  smoke  production  and  metallic  holding-brackets 
are  recommended  for  use  with  100  mm  or  150  mm  PVC 
pipes  to  offset  this  effect.  This  reaffirms  a  recommenda¬ 
tion  made  in  an  earlier  test  report^ .  When  metallic 
brackets  v/ere  used  no  difference  in  performance  was 
apparent  between  ‘O’  ring  and  solvent  welded  joints. 
Metallic  brackets  must  of  course  be  secured  to  a  section 
of  the  shaft  wliich  will  not  itself  fail  under  fire  con¬ 
ditions. 

(l)  Pressures 

The  pressure  of  1  mm  wg  maintained  in  most  cases 
between  the  furnace  and  the  outside  was  thought  to 
provide  a  value  consistent  with  the  maximum  likely 
pressure  to  which  the  pipe  system  would  be  exposed  in 
practice.  This  pressure  would  usually  be  caused  by  super¬ 
imposed  wind  effects  and  would  in  the  majority  of  cases, 
be  smaller  resulting  in  a  reduction  of  the  effects  shown 
by  these  tests. 

(m)  Larger  installauons 

No  conclusions  are  drawn  regarding  larger  protected 
shafts  than  those  likely  to  be  used  in  domestic  situations. 
Plastics  pipes  penetrating  protecting  structures  will  fail 
and  this  report  can  give  some  guidance  as  to  tlie  time  at 
which  failure  will  occur.  Where  shafts  of  larger  size  or 
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with  greater  fire  loads  arc  involved  an  assessment  of  the 
consequences  of  the  initial  failure  into  the  protected 
shaft  must  be  made  in  each  individual  case.  As  stated 
above,  this  investigation  has  not  produced  any  evidence 
to  suggest  that  the  restrictions  imposed  by  Uie  amended 
Building  Regulations  are  in  general  either  too  lenient  or 
too  prohibitive.  However,  Uiis  investigation  suggests 
more  stringent  requirements  titan  the  regulations  for  the 
fire  resistance  of  protecting  casings. 

2.8  Conclusions 

This  investigation  was  carried  out  with  wall  and  shaft 
dimensions  smaller  than  those  encountered  in  practice. 
Notwithstanding  this  the  following  conclusions  arc 
believed  to  be  justified. 

1  Plastics  pipework  passing  through  walls  vrill,  in 
most  instances,  lead  to  loss  of  integrity  of  the  wall 
under  fire  test  conditions  quicker  than  would  be 
the  case  with  most  non-combustibic  pipework. 
Loss  of  integrity  wifi  be  rapid  if: 

(a)  the  pipework  is  open  to  the  atmosphere  (as  in 
the  case  of  drainage  pipeworic) 

(b)  the  wall  is  thin 

(c)  the  pipe  diameter  is  large. 

(Limited  quantitative  data  is  given  in  Table  4  and 
in  Part  1 .) 

2  Plastics  materials  which  do  not  melt  and  drip 
under  fire  conditions  and  which  decompose  to 
leave  a  carbonaceous  residue  are  better  for  the 
maintenance  of  tlie  integrity  of  a  pipe/wall  com¬ 
bination.  PVC  was  the  best  of  the  materials  investi¬ 
gated. 

3  It  is  practicable  to  lay  down  design  criteria  if,  for 
the  domestic  situation,  failure  is  deemed  to  have 
occurred  only  when  fire  penetrates  from  one  com¬ 
partment  to  another. 

4  The  production  of  smoke  and  noxious  gases 
should  be  the  major  cause  for  concern  when  con¬ 
sidering  the  performance  of  plastics  piping  systems 
in  fire.  Rigid  checks  should  be  applied  to  ensure 
that  no  easy  paths  for  the  passage  of  smoke  exist 
between  compartments. 

5  Flaming  was  not  a  problem  in  the  tests  and  if 
occurring  in  practice  would  probably  be  satis¬ 
factorily  contained  within  an  instaiiaticn  com¬ 
prising  a  structural  wall  and  casing  having  a 
reduced  fire  resistance  requirement. 

6  Casing?  for  enclosures  should  be  require  to  have 
a  minimum  thickness  and  a  specified  degree  of 
resistance  to  fire  from  either  side. 
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Table  1  Pipe  samples  tested 


Size  (mm) 
nomulia. 

Mateiial 

Comments 

50 

QUoiinated  polyvinyl 
chloride  (CPVC) 

All  these  materials  are  currently 

50 

Polypropylene  (PP) 

used  for  lateral  pipe  work  in 
drainage  installations.  Further 

50 

High  density 

information  is  given  in 

polyethylene  (HOPE) 

Appendix  3.1. 

50 

Acrylonitrile  butadiene 
styrene  (ABS) 

This  is  currently  virtually  the  only 
plastics  material  used  in  the  UK 
for  vertical  drainage  stacks.  (ABS 

100 

Polyvinyl  chloride  (PVO 

is  used  in  the  USA),  The  100  mm 

size  is  commonly  used;  although 
larger  sizes  are  available  they  were 

not  examined. 

Table  2  Wall  constnictions  tested 


Thickness 

(mm) 

Mateiial 

Comments 

9 

Asbestos  waU  board  (AS8) 

50 

Lightweight  building 
blocks . .  .(BB) 

In  all  cases  pipes  were  made  a 
tight  nt  into  the  wall  or  fire 

100 

Lightweight  building 
blocks . .  .(BB) 

stopped  uith  plaster. 

Table  3  £nd  conditloiB  of  pipes 


Arrangement 

Comments 

90®  bend  and  an  open  vertical  section  ... .  open 

90®  T-junction  and  an  open  vertical  section . . .  open 

90®  T-junction  and  a  closed  vertical  section  . , .  sealed 

Figure  3 

Figure4 

The  open  or  sealed  arrangements 
represented  the  possible  passage 
of  fire  towards  an  open  stack  or 
towards  a  water  seal  respectively. 

The  T-junction  arrangement  gave 
better  support  on  the  unexposed 
side  than  the  bend  anzngement 
and  is  the  more  noim^U 
occurrence. 
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fable  4  Tests  to  dclennuie  the  integrity  of  simple  pipc/waU  combinations 
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•The  heating  conUitions  specirted  in  BS  4?6;Part  8:1972  were  ured  in  »U  tests  exeept  ic  which  wm  run  at  reduced  temperatures. 
fSec  page  3 


Tablii  5  Results  of  tests  on  protected  pipe  systems 


i 

Test 

Exposed  wan 

Pipes  (open)  through 
exposed  wall 

2a 

(Fig  16) 

50  mm  building 
blocks  and 

12  nm  asbestos 
wall  board 

Left  50  mm  CPVC 

Centw:  3SmmCPVC 

■— - 

Right  25  mm  CPVC 

2b 

(Fig  17) 


38  mm  ssbestos 
wall  board 


Left:  50  mm  ABS 


Centre:  38  mm  ABS 


Right:  25  mm  ABS 


Pipes  (sealed)  through  side 
and  bade  vails  of  lower 
compartment 


Maximumf  temperatures  in  °C  at 
30,  CO  and  90  min 

Upper  Lower 

compartment  Stack  compartment 


38  mm  asbestos 
wall  board 


Left:  50  mm  PP 


Centre:  38  mm  PP 


Right  25  mm  PP 


40 

190 

160 

70 

210(P) 

250 

90* 

290{P)* 

270* 

40 

100 

150 

70 

200(P) 

220 

80* 

200(P)* 

230* 

20 

80 

80 

50 

130 

140 

70* 

150* 

160* 

2d 

(Fig  18) 


12  mm  asbestos  Left  50  mm  PP 
wall  board 


50  mm  PP  through  63  mm 
asbestos  wan  board  side 


Centre:  38  mm  PP 


Right  25  mm  PP 


25  mm  PP  throc^  63  mm 
asbestos  wall  board  side 


t  Temperatures  green  are  taken  from  experimental  records  and  may  differ  slightly  ftom  those  shown  in  the  simpUfied  < 
(P)  Refers  to  peak  temperatures  reached  prior  to  time  specified 
♦  Temperatures  at  75  min 
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Test  duration 
min 

Comments 

120 

All  branch  pipes  maintained  3  degree  of  iniegrity  until  20  min  traces 

of  smoke  appeared  in  the  lower  compartments.  Little  smoke  until  60  min. 

Left:  Stack  in  lower  compartment  collapsed  progressively  from  80  min 
and  began  to  bum  at  1 17  min. 

Centre:  Stack  performed  as  above  but  later*  collapsing  from  100  min 
(Fig  16) 

Ri^t:  Stack  was  substantially  intact  at  end.  No  loss  of  integrity  to  upper 
compartments. 

100 

Lower  compartments  tilled  with  smoke  earlier  than  for  2a  (above). 

Left:  Stack  distorted  at  45  min  but  stec’  bracket  helped  to  retard  collapse. 

At  95  min»  following  collapse*  burning  began.  Stack  in  upper  compartment 
appeared  to  soften. 

Centre:  As  above  but  changes  were  delayed. 

Rig^t:  Stack  had  distorted  more  than  in  2a  (above)  but  had  not  collapsed. 

j 

IS 

Results  were  similar  to  2b  (above). 

Left:  Tempera  tun  i  in  stack  and  lower  compartment  initially  rose  more 
rapidly  than  in  2b,  probably  due  to  rapid  melting  of  polypropylene.  After 

60  min,  conditions  were  comparable  with  2b  (above). 

Centre:  As  for  left 

Ri^t:  Earlier  tempeature  rise  not  exhibited  as  compared  with  2b  (above.) 

65 

Results  similar  to  2c  above  but  with  tfiin  exposed  wall  and  presence  of 
other  pipes  through  side  wails  the  temperatures  rose  more  quickly.  There 
was  no  apparent  loss  of  iniegrity  to  the  upper  compartments. 

Left:  Stack  distorted  at  16  min  and  collapsed  at  25  min  m  the  lower 
compartment.  Burning  began  at  45  min  and  led  to  softening  and  distortion 
m  the  upper  compartment  (Fig  18).  Branch  pipe  through  side  wall  failed  at 

61  min. 

Centre:  Stack  performed  as  above  but  burned  later  at  57  min. 

Right  As  above  but  suck  burned  at  65  min.  Branch  pipe  remained  intact. 

Continued  ovedeaT 


Table  5  Results  of  tests  on  protected  pipe  systems  (continued) 


Test 

Exposed  wall 

Pipes  (open)  tluough 
exposed  wall 

Pipes  (sealed)  through  side 
and  back  walls  of  lower 
comp3r<»r.ent 

Maximum t  temperatures  in  at 

30,  60  and  90  min 

Upper 

compartment 

Stack 

Lower 

compartment 

2c 

100  mm  building 

Left:  100  mm  PVC 

100  mm  PVC  through  25  mm 

80 

350(P) 

250 

(Fig  19) 

blocks 

with  38  mm  PP  above 

asbestos  wail  board  side 

120 

Burning 

370 

it 

38  mm  PP  through  6  mm 

_ 

— 

_ 

asbestos  board  back 

Centre:  100  mm  PVC 

100  mm  PVC  and  38  mm 

80 

320(P) 

260 

with  38  mm  CPVC 

CPVC  through  6  mm 

120 

Burning 

380 

above  it 

asbestos  board  back 

*- 

- 

:  Right:  100  mm  PVC 

100  mm  PVC  through  25  nim 

80 

400(P) 

210 

1 

with  50  mm  CPVC 

asbestos  wall  board  side 

120 

Burning 

290{P) 

above  it 

50  mm  CPVC  through 

6  nim  asbestos  board  back 

2f 

12  mm  asbestos 

Left  100  mm  PVC 

100  mm  PVC  and  25  mm 

90 

320(P) 

250 

(Figs  20^1) 

wall  board 

with  25  mm  PP  above 

PP  through  100  mm 

130 

Burning 

420 

it 

building  block  back 

150 

Burning 

590 

Centre:  100  mm  cast 

100  mm  cast  iron  through 

120 

590 

250 

iron 

100  mm  building  block 

210 

650(P) 

450 

back 

280 

700 

570 

Right:  100  mm  PVC 

100  n.m  PVC  and  50  mm 

280 

240{P) 

310 

wth  50  mm  ABS 

ABS  through  1 00  mm 

540 

Burning 

580 

above  it 

budding  block  back 

630 

Burning 

600 

t  Temperatures  given  arc  taken  from  experimental  records  and  may  differ  slightly  from  tliose  shown  in  the  simplied  curves 
(P)  Rc^'^rs  to  peak  temperatures  reached  prior  to  time  specified 
•  Temperature  at  75  min 
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Test  duration 
min 

Comments 

60 

Similar  results  were  obtained  from  aU  three  shafts,  the  lower  compartment 
twnperatures  being  very  similar.  All  sealed  pipes  except  that  of  100  mm 

PVC  in  the  centre  compartment  retained  ihdr  integrity  till  the  end  of  test. 
Considerable  flaming  occurred  when  test  ctopped. 

Left  Stack  burned  at  SO  min.  when  tecorfed.  lower  compartment  tern- 
petatute  was  about  300°C.  PVC  and  PP  p^  through  dde  and  back 
retained  integrity  to  end  of  test. 

Centre:  Stack  burned  at  52  min.  38  mm  CPVC  pipe  through  back  retained 
integrity  to  end  of  test  but  100  mm  PVC  also  through  the  6  mm  aabeatot 
board  failed  at  44  min. 

Right:  Suck  burned  at  SO  min.  PVC  and  CPVC  pipei  through  aide  and 
back  retained  integrity  to  the  end  of  test 

90 

UfU  Temperature  conditions  in  the  lower  compartment  were  similar  to 

2e  (above),  wim  burning  at  50  min.  The  100  mm  PVC  and  25  mm  PP  pipes 
throu^  the  back  wail  softened  and  sagged  at  88  min.  Deformation  of  the 
sUck  in  upper  compartment  but  no  loss  of  integrity. 

Centre:  Cast  iron  pipe  remained  intact  throughout.  Temperature  In  the 
upper  compartment  rose  faster  than  in  ail  other  tests  and  reached  280^C. 

!^t:  NO  FLOOR  STOP.  All  temperatures  rose  more  rapidly  than  in  left 
shaft.  Integrity  between  upper  compartment  and  outside  was  lost  when  the 
upper  100  mm  PVC  branch  failed  at  49  min.  Pipes  from  the  back  of  the 
low-cr  compartment  softened  and  sagged  at  about  86  min  similar  to  left 
shaft. 

Table  6  Mixiimum  thickness  of  shaft  or  casing  wail 


Fire  resistance 

Minimum  wail  thickness* 

requirement -h 

*  mm 

Vi 

12 

1 

25 

IH 

25 

2 

38 

•The  thicknessci  recommended  relate  only  to  the  materials 
tested  (asbestos  wall  board.  Wockwork  etc),  NoncombustiWe 
materials  of  lower  derrsity  and  combusiible  materials  rer^uiic 
special  consideration. 


APPENDIX  I 


Pipe  dimensions 


Material 

Nominal  diameter 

mm 

00 

mm 

Wall  thickness 

mm 

CP  304  equivalent* 
waQ  thickircss/OD 

mm 

ABS 

25 

CPVC 

38 

42.9 

1.9 

1.5/40 

and  PP 

50 

55.9 

2.0 

2.0/50 

HOPE 

25 

38 

44.5 

3.0 

50 

57.2 

3.0 

i  •Under  ISO  16 1  plastics  pipes  si^cs  will  require  designation  in  terms  of  outside  diameter.  The  values  given  in 

i  CP  304  arc  expressed  similarly  "and  arc  provided  here  for  information. 
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APPENDIX  U 


Test  2q  Left  hand  compcrinncnt 

^ — - »i9« 

Dc»<  orrofV9««Vftt 
For  mort 
t««  (iQurfiU 


Comments 

Stack  coilapMd  at  oOOiit  60  mmutet 
U%X  contiftudd  tot2^mrrtuU» 

Oanung  »o  tow«r  comportment  at  t17  minuttt 
After  tc»t  rt»uU»  »hown  ei  figure  16 


—  aomm  epvc  (open) 

SOnvn  b^ockxMork  plus 
Umm  ofcpeetos  board 


T  im#  -  mm 


Test  2q 


Batk  c^rangement 
For  more  detoM 
•  ee  figure  12 


Centre  comportment 


- Enpowd  tide 

S6mm  cpvc  (open) 

50  mm  Nockwork  ptus 
12mm  okbefttoe  boord 


Comments 

Test  contiTfued  tol20minute* 

After  test  results  sncMvn  in  f>gurc  16 
f*o  opporeM  burning 
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T«$t  2q 


B«»ic  erro^\Q«m«At 
For  more  0«tQU 


Right  hand  comportment 

r 


Cxpc%«d  »id« 


T# 


2^mm  cpvc  (ap«fU 

50mm  bkHliworii  pKit 
13mm  oUMi»toft  toord 


ComfT.tftt* 

Tt$.  contifHMd  to  120  miiHjtcft 
Afttf  t»l  rtftuttft  %hown  m  16 

No  byrftift^ 


Test  2b 


Bottc  omsn^mont 
For  mor*  oatotl 
»t«  trgur«  12 


Left  bond  connportment 


-  Cuposod  »!<}« 

50mm  Qbft  (0040} 

36 mm  otb«ttos 
boord 


Comm«ots 

Cxcttsiv*  distortioft  of  ttoch  ot  45  minute* 
Burn^  epporent  ot  95  mmutc*^  this  record 
suggests  eortier  igntlKan  (85  minutes) 
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Test  2  c 


Bosic  orrongem«nt 
For  mort 
Mt  figure  12 


Left  hand 


comportment 

—  Exooied 

50  mm  poVpropyltne 

38  mm  ostwstos 
boortf 


Comments 

Excessive  distortion  of  stock -25  minutes 
No  burning 


Test  2c 


Basic  orrengement 
For  more  detoit 
see  figure  12 


Centre 


connpQrtment 

j— - Exposed  side 

- 38  mm  pofypropyNtne 


36  mm  osbestos 
boord 


Comments 

Otslortion  of  stock  55  minutes 
No  burning 


Test  2g 


Bqsic  aprong«m«nt 
Fop  mor«  datoir 
s««  figure  14 


100mm  pvc  (sealed) 
thpough  Y" 

25mm  asbistos  boopd 

Comments 

No  apparent  burning 


Left  hand  compartment 

-exposed  side 
'100mm  pvc  (open) 

■100  mm  blockwork 


Test  2q 

Bo  sic  orrongement 
For  more  detoil 
see  figure  14 


Comments 


Centre  comportment 

r;  ; — J - Exposed  side 


r 


—  lOOmm  pvc  (open) 
100  mm  blockwork 


6mm  asbestos  boord 
100  mm  pvc  (seated) 


Foilure  at  point  A  ot  44  minutes 
Burning  at  52  minutes 


31 


T«m(>«roturt 


Test  2  c 


Bojic  errongement 
For  mor«  d«toil 
saa  figure  14 


Right  hand  compartment 

^ - ^ - Exposed  side 

100  mm  pvc  (open) 

100  mm  Wockwory 
100  mm  pvc  (seoted/ 
25rrm  osPeslos  board 


3::; 

n 

a 

Comments 

Burning  ot  50  minutes 


Test  21 


Bostc  errongement 
For  more  da  toil 
see  figure  15 


Left  hand  compartment 

^ j - ’-Exposed  side 


— 100  mm  pvc  (open) 

-^12  mm  asbestos  board 

VlOOmm  bfockwork 
—  100mm  pvc  (sealed) 


Comments 

Burning  lust  prior  to  50  minutes 


Test  2f 


Centre  compartment 


Bosic  arrangamant 
For  mor«  d«to«l 
S««  figure  15 


Cornm«nt5 


'  Expostfd  side 


-lOOmm  edit  iron  i3p«r0 
-12  mm  asbestos  board 


^-i~100mm  biockwork 
—  100  mm  cost  iron  (seated) 


Compere  uc  temperatures  with  Z'O  -  leftbond 


Current  papers -recent  issues 


CP60/76 

CP61/76 

CP62/76 

CP63/76 

CP64/76 

CP65/76 

CP66/76 

CP67/76 

CP68/76 

CP69/76 

CP70/76 

CP71/76 

CP72/76 

CP73/76 

CP74/76 

CP75/76 

CPI/77 

CP2/77 

CP3/77 

CP4/77 

CP5/77 

CP6/77 

Cr7/77 

CP8/77 

CP9/77 

CPI  0/77 
CP11/77 

CPI  2/77 
CPI  3/77 

CP14/77 
CPI  5/77 

CP16/77 
CPI  7/77 
CP18/77 
CP19/77 
CP20/77 

CP21/77 

CP22/77 


Coortiinatiny  working  drawings. 

A  survey  of  motorway  f»;ncing  in  England. 

Fires  In  rosldantiai  personal  social  sorvices  buildings. 

Report  on  the  burning  of  wood  treated  with  wood  presarvailvcs  containing 
copper,  chromium  and  arsenic. 

Solar  energy  utilisation  In  the  UK:  current  research  and  future  prospects. 
In-situ  and  laboratory  tests  on  glacial  clays  at  Redcar. 

Some  trends  in  furniture  fires  in  domestic  premises. 

Materials  wastage  -  a  misuse  of  resources. 

A  review  of  noise-reduced  construction  plant. 

Report  on  the  collapse  of  the  Sports  Hell  at  Rock  Ferry  Comprehensivo 
School,  Birkenhead. 

Prediction  of  thermal  conductivity  of  GRP  laminates. 

Coastal  landslides  in  cliffs  of  Pleistocene  deposits  between  Cromer  and 
Overstrand,  Norfolk,  England. 

Background  noise  levels  in  the  Uniiod  Kingdom. 

Fire  behaviour  of  foamed  plastics  ceilings  used  Jn  dwellings. 

Experirrwntal  methods  for  the  study  of  fire-fighting  foams. 

Desirable  tempeiaturos  in  dwellings. 


Sprinkler  and  spray  systems  for  manvime  use 

Floor  loadings  in  domestic  buildings  -  the  results  of  a  survey. 

Portable  and  installed  fire-fighting  equipment  in  buildings. 

Prediction  of  environmental  noise  from  isiX  electric  trains. 

Future  for  treatment  of  domestic  and  commercial  wastes  at  source. 

The  use  of  census  data  to  identify  and  describe  housing  stress. 

Guide  to  design  of  cavity  barriers  and  fire  stops, 

A  multirvomial  analysis  of  water  demand. 

Fire  losses  and  the  effect  of  sprinkler  protection  of  building  In  a  variety 
of  industries  and  trades. 

The  effects  of  road  traffic  noise  In  restdontial  areas. 

Some  examples  of  the  influence  of  field  measurements  on  foundation 
design  and  consiniction. 

Examination  of  the  use  of  critical  path  methods  In  building. 

Underground  car  park  at  the  House  of  Conrwnons,  London:  geotechnical 
aspects. 

The  optimisation  of  intermittent  heating. 

Accuracy  achieved  in  setting-out  with  the  theodolite  and  survey^^  level 
on  building  sites. 

Modular  bricks  and  productivity  —  results  of  full-scale  trials. 

Preservative  treatments  for  constructional  timber. 

Sprayed  concrete:  tunnel  support  requirements  and  the  dry  mix  process^. 

The  evaluation  of  the  engineering  design  parameters  for  glacial  clays. 

Energy  conservation  in  buildingp:  a  preliminary  study  of  automatic 
daylight  control  of  artificial  lighting. 

Porosity  of  building  materla's  -  a  collection  of  published  results. 

The  relations  between  the  ultimate  tension  and  ultimate  compression  strength 
of  timber  and  its  modulus  of  elasticity. 
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